The aim of this study was to analyze the effect of virgin coconut oil (VCO) on high lipid diet (HLD) and high carbohydrate diet (HCD) induced atherosclerosis in male Wistar rats.
Introduction
Atherosclerosis is an arterial disease caused by chronic inflammatory response of white blood cells. The atheroma contains remnants of cellular debris in the form of dead cells, triglycerides, cholesterol and calcium in the crystallized form. LDL carrying triglycerides and cholesterol promote the atherogenesis, while the functional HDL prevents the hardening of arteries by reducing the formation of arterial atheromatous plaques. Atherosclerosis remains asymptomatic for many decades; hence, it is called clinically silent disease, as the person suffering from this arterial disorder does not know about any drastic changes in arteries. Atherosclerosis is the leading cause of myocardial infarction, stroke, heart failure and coronary artery disease (CAD) 1 . CAD and atherosclerosis causes many deaths in developed countries 2 . Atherosclerosis develops progressively in elastic and muscular arteries 3 , of medium and large sized characterized by focal intimal lesions called atheromas or atherosclerotic plaques that protrude into vessel lumen and eventually leading to various complications 4 .There are a number of environmental, genetic and metabolic factors involved in the formation and evolution of the atherosclerotic plaque 5 .
Practicing regular exercise and stopping smoking alleviates cardiovascular diseases including atherosclerosis. Diet change helps to prevent the development of atherosclerosis. It is suggested that Mediterranean diet containing fiber food and unsaturated oils improves cardiovascular outcomes and is better than a low fat diet.
Studies show that herbs, spices and diets rich in fruits and vegetables result in less number of cardiovascular diseases and deaths 6 .
Virgin coconut oil consists of 92% of saturated, 6% of monounsaturated and 2% of polyunsaturated fatty acids. 10% long chain and 90% medium chain saturated fatty acids constitute the virgin coconut oil 7 . These fatty acids are easily absorbed and used as energy for metabolism, thus increasing the metabolic activity, hence, it can help protect the body from disease and accelerate The purpose of this study was to investigate the effectiveness of VCO, and to analyze its protective effect against the risk factors of atherosclerosis i.e., TC, HDL, LDL, VLDL, TG in rats, fed with HCD and HLD.
Material and Methods

Experimental animal
The study was approved by animal ethics committee of the management and science university (MSU), Shah Alam, Malaysia. HLD animals received cheese and pellet with VCO (1 ml/day). All groups had free access to diets and water ad libitum for 10 weeks.
Determination of dosage and VCO delivery
VCO was administered by oral gavage at a dose of 1.42 ml/kg according to the minimal recommended dose of 10ml/per day in humans 9 . VCO given to human therapy is 3 tablespoons or equal to 45 ml/day 10 . When converted to rat, it was 0.018 X 45 = 0.81 ml/200 g BW/day or equal to 1.09 ml/270 g BW/day. In this study dose was 1 ml/day/270 g BW.
Plasma lipid analyses
Spectrophotometer was used to measure the blood cholesterol levels by Enzymatic Endpoint Method 
Statistical analysis
Statistical analysis was performed using SPSS for Windows version 21 . Mean values of the findings were compared among and between groups. Analysis of variance (ANOVA) and unpaired"t" test was performed to assess the significance among the groups and between groups respectively. Pearson correlation coefficient test was performed to evaluate the correlation of biochemical parameters with the severity of atherosclerosis. "p" value <0.05 was considered significant.
Results
Body weight in albino Wistar rats
There was significant decrease in body weight of the (Normal +VCO) treated group (188.32 g±12.08) when compared to the normal control group (266.80 g ± 18.51) at week 8 (Table 1) .
Total cholesterol (TC), triglyceride (TG), high density lipoprotein (HDL), very low density lipoprotein (VLDL) and low density lipoprotein (LDL), N-normal, VCO-virgin coconut oil, HCD-high carbohydrate diet, HLD-high lipid diet. p<0.05 as compared to the rats fed with N+VCO, HCD+VCO and HLD+VCO (Table 2 ).
Atherogenic index (AI)
Tabulated results demonstrated that the VCO treated all animal groups showed the significantly decrease (p<0.05) in the AI when compared to the control groups and increase in the percentage of protection in all VCO treated groups after week 8 ( Table 2 ).
Discussions
So far there had been no solid foundation and scientific evidence suggesting that VCO possessed any anti-atherosclerotic activity. In present study, the anti-atherosclerotic activity of VCO was evaluated in rats receiving HLD and HCD. Determination of body weight in experimentally induced atherosclerosis is considered to be a positive factor to find out the prognosis of disease 15 . Results indicated increase in body weight of animals from the beginning to the end of the experiment in all six groups, but at the end, increase in body weight is low in VCO treated groups as compared to control group. In this study, it was found that food intake in the VCO diet was lower compared to the control group. However, we observed that there was no significant difference in body weight between the HCD, HLD diet and the normal control group at 8 weeks. Leong et al showed the same result 16 , although the food intake of VCO and control diet was same, yet, the VCO diet group was found to have decreased body weight compared to the control group at 8 weeks. HLD+VCO diet group experienced reduced body weight compared to the control group at 8 weeks. This illustrates that VCO administration decreases the body weight. Studies show that VCO reduces the abdominal obesity in human beings 17, 18 . Values are expressed as MEAN ± SEM; n=5 P < 0.05, * Significant difference from control group at P< 0.05
Results in the present study revealed that rats on HCD and HLD diet showed a significant increase in plasma TC, TG, LDL, VLDL and a significant decrease in HDL compared with normal rats(p < 0.05).
Our observation was consistent with the reports of Azonov et al Previous studies also revealed decreased levels of lipids in rats fed with VCO than Copra oil (CO) 25 , olive oil and sunflower oil pressure raising effect of five-time heated palm oil (5HPO). The blood-pressure lowering effect of VCO may be attributable to its high polyphenol component 28, 25 . Furthermore, another study revealed that phenolic fraction of VCO contains higher levels of caffeic acid, Pcoumaric acid, ferulic acid and catechin than CO 29 . In addition, we reported previously that VCO contains significantly higher amounts of vitamin E (30.87 µg/100 g oil) than CO (12.76 µg/100 g oil) 30 .
There is presence of total tocopherols and tocotrienols 31 including B carotene in VCO 32 . Studies show that increased concentration of B carotene increase the fecal secretion of bile acids and decreases the concentration of lipids 33 .In addition, we reported previously that VCO contains increased levels of phytosterols 30 . It is clear that the phytosterols competitively blocks the absorption of cholesterol and increases fecal excretion of bile acids and neutral sterols for improving circulating lipid profiles to reduce the risk for CHD 34 . All these biologically active micronutrients present in VCO act synergistically and results in beneficial alteration in lipid levels.
Conclusions
Our study shows that VCO decreases body weight, TC and LDL, hence it prevents atherosclerosis in HCD and HLD fed male rats.The VCO had anti-obesity potential, although its effect varied among diets as its effect might be relatively lower in HCD induced obesity than in HFD induced obesity.This study indicates dietary VCO beneficially modulates the hepatic lipid metabolism, by regulating the synthesis and degradation of lipids, may be due to the difference in absorption, transport and catabolism of its constituent fatty acids as well as the higher amounts of biologically active un saponifiable minor components present in VCO. Our preliminary data strongly suggests that VCO with its high polyphenol content is capable of maintaining the normal levels of cholesterol and other lipid parameters in plasma and also increased the concentration of HDL cholesterol in male Wistar rats fed HCD and HLD.
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